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r> of - "-pF invention 

The pms»t tavern » the field of ptoducing circtuuy such as 

conductive pads for eleettica. interconnection of dig.*, memory. Mom specified.,, 
^invention mla.es tothe provision of .arge Une cond,mtive pad, po^d according 
,o emboss and lift off method, which pattern thin films on flexible subsun.es. 

r M^gBfiifflE "F'-r" "wbntion 

Attempt have been made for mass scale production of certain types of 
digital cimuitiy such as intetcconecuon pads and digital men»y by me patenting of 
15 thin films of metals and semiconductor on flexible plaatic webs in a roll-to-rol. 
paction environment. However, p.asdc web production of such cimuitty is 
^yp^hydeficiendeahu^in^^P^^^^ 0 " 
flexible subsumes. Specifically, existing patterning soiutions. such as screen print and 
ink jet , photiuithogmphy. and .aaer abUtion e*ch have deficits in solution and/or 
20 utroughput, and can a,so cause coUateca! damage. I. parfcula, acmen print or infce. 
based patterning schemes yield a relatively low throughput, and limited ability to 
pattern a wide range of materials Witt, uniform standards of maolution. 

datively low throughput, higher capital cos,, and low resolution on flexible 
25 substrate, Tnia is because me resolution o, such optically based schemes is limited 
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by diffraction in proportion to where X is the wavelength of the illumination and 

NA is the numerical aperture of the imaging system. Given that the depth of field for 
the imaging system, and hence its ability to deal with surface irregularities is limited 

by _A_ , at some point it becomes very difficult to resolve small features on a flexible 
NA 

substrate with such methodologies. This is because it is difficult to clamp a flexible 
substrate with a vacuum or electrostatic chuck without attracting dust particles to the 
chuck or substrate surface, or without introducing surface irregularities, especially 
given the surface roughness typical of flexible webs. 

Emboss and liftoff techniques can provide a low cost patterning 
method for circuitry which has a comparatively high resolution and high throughput 
when produced on flexible substrates. Despite the advantages of emboss and lift off 
techniques, several problems do limit its utility for producing electronics which 
require the large area interconnection pads which offer the advantages of less 
restrictive tolerance requirements during stacking alignments. In order to use the 
emboss and lift off process in the manufacture of wide area circuitry such as 
Permanent Inexpensive, Rugged Memory (PIRM) memory layers, it must be able to 
provide terminating pads on the end of the electrodes with radii of at least 50 
microns. Such terminating pads are required for multi layer interconnect, but the 
basic emboss and lift off techniques cannot replicate features of this size. 

As such, in order to adequately provide for the different types of digital 
circuitry needed in memory modules, such as the PIRM type memory in certain 
digital consumer devices, there is a need for the high resolution and throughput of the 
embossing process when patterning on flexible web sheet substrates without the 
limitations on producing large area terminating pads. 
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ITfTfH OT7 INVENTION 

In accordance with the principles of the present invention, there are. 
provided techniques for producing different types of digital circuitry for use in 
5 memory modules, such as large line conductive pads for interconnection of stackable 
circuitry in PIRM cross-point memory arrays. 

In particular, the invention overcomes the different limitations of the 
various prior art patterning methods for flexible substrates and the shortcomings of 
the prior art embossing for production of digital circuitry such as termination pads by 
10 introducing the concept of a waffle pad embossing process. One form of the 

invention provides for the producing of row and column electrodes for terminating 
pads of stackable PIRM cross point memory arrays. Provision of such electrodes 
permits a terminating pad to be subdivided into a set of electrically connected, 
crosshatched intersecting features which individually satisfy the design rule for 
u successful lift off of patterns, even for large area pads, such as those in excess of 100 
microns in diameter. The inventive waffle patterning allows for the use of many of 
the different lithographic techniques which were previously limited in producing large 
area circuitry. Also, the process complexity of a PIRM module can be significantly 
lowered by the use of emboss and liftoff ("embossing") as a patterning method for 
20 flexible substrates within the module. In one embodiment, the conductive pads are 
produced in a plastic web based roll to roll environment, according to an improved 
waffle structure or patterning which provides the traditional benefits of high definition 
and throughput of embossing and lift off techniques, all while overcoming the 
traditional limitations of emboss and lift techniques pertaining to the problem of the 
25 maximum size limitation 
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The present invention therefore satisfies, through the inventive waffle 
pad embossing process, the need for PIRM cross point memory arrays to have 
economically produced, high resolution conductive pads which offer a large area of 
electrically continuous material to allow for alignment tolerances for any given layer 
to layer interconnect. 
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BRTPF DRSCP IPTTON OF THE DRAWINGS 



exa 



The invention is described in greater detail hereinafter, by way of 
cample only, through description of a preferred embodiment thereof and with 
5 reference to the accompanying drawings in which: 

Figure 1 is a pictorial diagram of a termination pad utilized for 
interconnection between circuitry layers in a digital memory system in the prior art; 
and 

Figure 2 is a pictorial diagram of an example of the novel waffle 
10 pattern type large area termination pad utilized for interconnection between circuitry 
layers in a digital memory system in the present invention. 
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H,e inventive techniques disclosed hercin arc applicable <o several 
typ e S of digital circuitry. By way of one exemplary embodiment, the inventive 
5 techniques for producing digital circuitry wiU discus* the Uniques within tire 

con KM one^ofdigita 1 ci rc uitiy,l^a re a,ineconductivepad S .Urgea re aline 

Utirogr.phy.andinonepref.r^embodinrenticanh.fah.caredonap.asticweh 

disclose* in U.S. Apptication No. — * (Anrnney Docker No. .00038.2. tided 
.^bosseriMMkUtttography"), tins disclosurc of which i, hereby incorporated by 
tefercnce. In tire following description, for pnrposes of explanation, specific 
nontenure and specific implementation d«ai.s are set for* «o provide a thorough 
15 nndemundingofthepresentinvention. However, i. will be apparent . one *M in 
the art that these specific details are not necessarily required in order to practice the 

present invention. 

L^e area conductive pads are typically used within tire digital 

ciK uitry environment of cunen, consumer devices. This is t«ause many consumer 
20 devices such as digital cameras (still and/or moving picture), digital music 

pteyers/recorders (e.g. MP3 players), persona, dtghal assistants (PDAs), mobile 
teiephones. and me like are now consmncmd to genera, andior ntitiae digital dam in 
increasingly large quantities, something which requires interconnection of digits, 
circuitry, especially for interconnection between stackable memory. In particular. 
« potrable digital cameras for still and/or moving picmrcs, for example, generate large 
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amounts of digital data representing images, such that each digital image may require 
up to several megabytes (MB) of data storage, and such storage must be available in 
the camera. Given this, present digital consumer devices require specialized storage 
memory to accommodate the large quantities of digital data, and need interconnected 
digital circuitry in order to build the necessary memory. 

However, in order to provide for this type of data storage application, 
storage memory should be: (1) relatively low in cost for sufficient capacities of 
around 10 MB to 1 gigabyte (GB); (2) low in power consumption (e.g. «1 Watt); (3) 
have relatively rugged physical characteristics to cope with the portable battery 
powered operating environment; (4)and should preferably have a short access time 
(ideally less than one millisecond) and moderate transfer rate (e.g. 20 Mb/s), yet be 
able to be packaged* an industry standard interface module, such as PCMCIA or 
Compact Flash card. The limitations of the current industry standard FLASH 
memory.such as high cost and relatively low capacityfor broad utilization in the 

above described applications, are well known, and as such, recent advances have 
provided foratype of memory module termed "FIRM' (Portable Inexpensive Rugged 
Memory), which addresses the problem of low cost archival storage for digital camera 
and other portable appliances. The benefits of PIRM memory comport with the needs 
of high capacity memory in consumer devices above (e.g., an industry standard 
0 interface such as PCMCIA or Compact Hash, 2000 G shock tolerance, low power 
consumption («1W), short access time « 1 ms), moderate transfer rate (20 Mb/s), and 
sufficient capacity (10MB-1GB)). In addition, PIRM memory modules can offer 
lower cost by avoiding silicon substrates, by lowering areal density, and by 
minimizing process complexity. 
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Moreover, PIRM memory modules are a write once storage device 
which offer higher capacity for a given interface card form factor by virtue of placing 
multiple interconnected layers of circuitry or storage within a single module. Because 
a single electrode, without any terminating pad, offers little conduction area for 
5 interlayer connection, the layers are connected through the use of at least one 

interconnect^ or terminating pad (illustrated at Figure 1) connected to the end of an 
electrode. In addition, these interconnection pads generally need to have at least a 
100-micron diameter (50 micron radius) in order to provide a large enough 
electrically continuous material to allow for reasonable alignment tolenmces when 
10 aligningmemfferentstackablelayersofcircuits. This is problematic in prior art 
solutions, because creation of large electrically continuous areas, whether for 
interconnection pads, or other digital circuitry, can be very expensive and need to be 
produced on a mass scale. 

15 ConductivePadsInStockedCircuitryofDigitalMemorySystems 

When manufacturing PIRM memory layers for digital memory 
systems, interconnection or conductive pads axe often required on the end of 
electrodes in stackable circuitry. This is because a typical PIRM memory module is 
20 formedofaplur^ityoflayerseachhavingacross-pointm Manylayers 
can be stacked to form a single memory module, allowing the memory module to 
have a storage capacity of many multiples of the data storage possible on a single 
iayer. Construction of a PIRM memory module therefore involves the stacking of 
multiple layers of memory into an interconnected three-dimensional storage module. 



25 U.S. Patent Application 



####### (Attorney Docket No.10002367) details the 
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technology involved in providing the improved stackable circuitry in PIRM memory 
modules as referenced throughout, while U.S. Patent Application (Attorney 
Docket No. 10003477) details the generally referenced PIRM based digital memory 
systems for consumer devices. The disclosures of both documents are explicitly 
incorporated herein by reference. Conductive pads are found within PIRM memory 
modules where both the stackable circuitry and the conductive pads are produced 
using simple and inexpensive processing. Through use of a flexible plastic or metal 
substrate, roll to roll processing is possible in fabrication of the circuits on the layers. 
Conductive pads are thereby formed on the substrate for the making of external 
connection to the various layers of stackable circuits. A plurality of the layers are 
stacked on top of one another and laminated together. The memory module is then 
completed by forming and pattering external contact tracks which make electrical 
contact with the conductive pads at the edges of the memory module layers 

However in order to reduce the tolerances when stacking, large area 
circuitry is required. As such, the conductive pads must have a radius of at least 50 
microns in order to effectively perform their function of serving as interconnects 
between the multiple layers. More specifically, it is desirable for conductive pads 
(e.g. 110 in Figure 1) to be relatively wide (in the range of several hundred microns 
wide) in so as to allow for easier alignment of interconnects between layers in the 
memory module. However, as previously mentioned, in the various prior art emboss 
procedures (whether involving lift off or non-lift off steps) there is a maximum 
feature size limitation, or limit to the width of an embossed region that can be created 
when fabricating sensors, capacitors, and interconnection pads. 

For example, in non-lift off based processes, such as those described in 
U.S. Patent Application ####### (Attorney Docket No. 100019855), the 
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specification of which is hereby incorporated by reference, embossing a pattern with 
large features and small features is difficult because of "capillary" action whereby an 
applied polymer is wicked into the small (narrow) feature areas, thereby starving the 
large feature areas of the needed polymer. The practical result of this uneven 
polymer settlement is that the smaller (narrower) areas may have a higher polymer 
profile compared to the wider areas. Similarly, lift off based processes, embossing a 
pattern with large features (e.g., a wide area) is problematic because the pressure 
sensitive adhesives which are typically used in the lift off step may adhere not to only 
the peaks, but may also sag into the trenches, thereby inadvertently adhering to and 
removing desired depositions from the trench floor. Given the described maximum 
feature size limitation on the different embossing procedures, there is a need to apply 
the inventive concept of waffling to all of the various embossing processes, whether 

lift off or non-lift off based. 

The inventive techniques address the aforementioned limitations in the 
known embossing techniques by subdividing a large conductive pad into a set of 
cross hatched intersecting features which individually satisfy both the design rule for 
successful lift off, as well as the even polymer settlement requirements in non-lift off 
embossing techniques. The subdivision can be maximized by establishing an 
acceptable width based on the factors which affect the above described capillary 
actions and the sagging actions. The width at which these phenomenon manifest 
themselves is well known in the art, but generally depend on several factors. In the 
lift off based embossing, the ideal width characterizing the subdivision depends on at 
least the following factors, such as (1) the thickness and ensuing compliance of the 
substrate(s); and (2) the aspect ratio of width to the depth of the layering features, 
where generally speaking, the greater aspect depth, when compared to the aspect 
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width, affording the least sag problems. In the non-lift off based embossing, the ideal 
width characterizing the subdivision depends on at least the following factors, such as 
(1) the viscosity of liquefied polymer; and (2) the aspect ratio of width to depth, 
which effects the capillary action rate and propensity. 

Thus, in order to overcome the above difficulties, the area is 
selectively patterned. In any embodiment, this selective patterning provides for 
either a regular or irregular array of conductive areas. In the preferred embodiment, a 
regular array is patterned such that there is a cross hatching so as to subdivide the 
overall embossed area according to the necessary width, as established from the 
above factors. The preferred resulting pattern then resembles a waffle, and 
accordingly satisfies the need to have a large area of electrically continuous material 
to allow for reasonable alignment tolerances during the layer to layer interconnect. 
!n addition, this waffle pattern also provides a greater area of conductors, when 
compared to a single electrode without a terminating or conductive pad, something 
which can improve the yield of the layer to layer interconnect process. By way of one 
exemplary embodiment, each of the conductors may, have say, a width anywhere in 
the range of 1-3 microns (with the gaps or trenches in between each having the same 
width dimensions as the conductors), while the preferable conductive pad width or 
diameter may be on the order of several hundreds of microns, with a minimum width 
0 or diameter of 100 microns. When structured thusly, the inventive waffle pattern 

avoids all of the previously described difficulties inherent in straight emboss and lift 
techniques known in the art of web processing of large line conductive pads. 

The inventive conductive pad(s) 210, as depicted in Figure 2, may 
then be formed according to either a straight (one layer) waffle pattern embossing, or 
25 ma y be formed from two layered groupings, each layered grouping having a series of 
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substantially parallel conductors which are crossed so as to be substantially 
orthogonal to the other layered grouping. Of course, the present invention also 
contemplates the provision conductive pads from the irregular array patterning of 
non-substantially waffle shaped patterns that are nevertheless electrically continuous. 
Although not as effective as waffle based patterning, such electrically continuous 
patterns might overcome some of the limitations of non-waffle shaped emboss and 
lift off process by providing non-conductive pillars to prevent say, adhesive from 
lifting off conductive materials at the bottom of trenches. 

The foregoing detailed description of a preferred embodiment of the 
present invention is presented by way of example only, and many variations to the 
circuits, structures, arrangements and processes described are possible without 
departing from the scope of the invention. It will be readily recognized however, that 
the structure of the conductive pad also has many possible variations while retaining 
the principles of the present invention. In the described embodiment, a rounded pad 
could alternatively be other shapes, with varying numbers of conductors which satisfy 

the previously described lift off rale. 

The principles of the present invention can be applied with many other 
variations to the circuits, structures, arrangements and processes described herein, as 
will be apparent to those of ordinary skill in the art, without departing from the scope 
of the invention as defined in the appended claims. 
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